Lee, Joo-Kyeong and Yuhyeon Seo. 2019. A phonetic examination of phonological ambisyllabicity: Focusing on temporal and spectral characteristics. Linguistic Research 36(1), 91-110. This paper casts doubt on the existence of phonological ambisyllabicity and attempts to find its phonetic substances both temporally and spectrally. An intervocalic consonant becomes ambisyllabic when preceded by a stressed lax vowel, a theoretical apparatus to make the preceding stressed light syllable heavy by linking the intervocalic consonant to both preceding coda and following onset. In the experiment, temporal durations of ambisyllabic and non-ambisyllabic intervocalic consonants were compared, where consonants were varied with obstruents, nasals, and liquids. For a spectral measurement, lateral tokens were investigated because lateral /l/is the only consonant which shows a maximum allophonic difference between onset and coda (clear-[l] and dark-[ɫ]). Their F2-F1 values were compared among the laterals in ambisyllabic, non-ambisyllabic, word-initial onset, and word-final coda positions. Results showed that ambisyllabic and non-ambisyllabic consonants were not significantly different in duration for all three categories and that F2-F1 values of the laterals were not significantly different between ambisyllabic and non-ambisyllabic positions. This is not consistent with the phonological analysis. They were both distinctive from onset or coda laterals. This indicates that there might be a new allophony occurring in the intervocalic position where the preceding syllable is, whether its vowel is tense or lax, stressed.
Introduction
Ambisyllabicity in English has merged from a theory-based phonological apparatus to prevent a stressed syllable from being a light syllable. English has a weight-sensitive stress system where a stressed syllable should be heavy and an unstressed syllable may be light. When an intervocalic consonant is associated with the onset of the following consonant according to the Onset Maximization principle, it does not satisfy the heaviness requirement of stressed syllables if the preceding syllable contains a lax vowel. Due to the fact that a lax vowel takes up only one mora, a syllable, if having a lax vowel but not closed by a coda consonant, is a light one. As shown in the example of 'color' /kʌ-ləɹ/ in Figure   1 , the preceding syllable turns out to be light because the lax vowel /ʌ/ is associated with one mora without a coda under the Rhyme as in Figure 1 (a).
This incurs a serious violation of the principle that a stressed syllable should be heavy in English; therefore, the intervocalic consonant /l/, which is the onset of the following syllable, is intentionally linked to the preceding syllable, creating its coda node (Kahn 1976; Gussenhoven 1986; Hayes 2009 ). The intervocalic consonant /l/ now straddles both coda and onset, and it is referred to as an ambisyllabic consonant as shown in Figure 1 
Previous approaches to ambisyllabicity
While there have been a number of phonological studies on ambisyllabicity so far, it is not until quite recently that a few phonetic researches on these special consonants have been conducted. Starting from Kahn (1976) who referred to ambisyllabicity in order to comply with the syllable structure system that he proposed, it has been argued that an ambisyllabic consonant is multiply linked to both the preceding and the following syllables (Kahn 1976; Gussenhoven 1986; Hayes 2009 ). However, this approach has not been exempt from criticism because it violates the Strict Layer Hypothesis which demands that a unit of a given level of the hierarchy be exhaustively contained in the superordinate unit of which it is part (Selkirk 1984; Nespor and Vogel 1986) . Duanmu (2010) suggested that the Weight-Stress Principle be applied to ambisyllabic consonants. According to the Weight-Stress Principle, stressed syllable should be heavy. When the preceding syllable is stressed and the nucleus is a lax vowel, the intervocalic consonant should be associated with the coda of the preceding syllable to make it heavy. However, the Weight-Stress
Principle contradicts the Onset Maximization Principle which has been cross-linguistically derived from a universal preference of onset over coda.
The Onset Maximization principle requires that intervocalic consonants must be assigned to the onset position of the following syllables as long as they conform to universal and language specific conditions (Kahn and Daniel 1976) .
Applying this rule to ambisyllabic consonants, some phonologists have insisted that they should be linked to the onset of the following syllable (Kiparsky 1979; Jensen 2000; Harris 2004 Harris , 2006 Bermudez-Otero 2007) . However, this approach is also untenable because it leaves the preceding syllable light and it is not qualified to bear stress.
What was proposed as a solution to the above problem is resyllabification (Selkirk 1982; Borowsky 1986; Wells 1990 ). This approach is a step-by-step syllabification which states that an ambisyllabic consonant preceded by a stressed lax vowel is first associated with the onset of the following syllable according to the Onset Maximization Principle, and then it is resyllabified to the coda of the preceding one so as to satisfy the Weight-Stress principle.
While there have been a great number of theoretical/phonological approaches to ambisyllabicity as shown in the above, there are very few empirical studies. Fallows (1981) first conducted an experiment to find out psychological evidence for ambisyllabicity. In her experiment, participants repeated disyllabic words by doubling the first and the second syllables respectively when the interviewer uttered them first, for instance, o-over and over-ver for the word over. In addition to doubling syllables, the participants were asked to make a pause between syllables, for example, 'o-ver.' Results showed that the intervocalic consonants belonged to both first and second syllables like ambisyllabic consonants in only Fallows (1981) . They carried out both oral and writing tasks where subjects were asked to say and write disyllabic words, reversing the syllables as in the example of /mən lɛm/ for lemon. Results showed that ambisyllabic consonants appeared to belong to both coda and onset of a syllable, but that intervocalic obstruents were more likely to be onsets than sonorants.
However, their metalinguistic experiment has been questioned recently. As recognized also by the authors themselves, the orthography might have influenced participants' perception in both tasks (Derwing 1992; Elzinga and Eddington 2014) . Futhermore, participants would have trouble in word-edge and morpheme-edge judgment (Steriade 1999; Harris 2004 Harris , 2006 . For example, since
English does not allow for stressed lax vowels at the end of a word, subjects in the experiment would have felt awkward when saying 'lemon' as /mən lɛ/.
Thus, the majority of them would have produced /mən lɛm/ instead of /mən lɛ/. Durvasula and Huang (2017) examined the acoustic properties of multiply-linked ambisyllabic consonants, measuring their vowel nasalization and voiced obstruent devoicing and compared them with those of single-linked consonants in onset and coda positions. They assumed that nasals in coda position would be more overlapped with the preceding vowel than nasals in onset position, following Krakow (1989 Krakow ( , 1999 . They also assumed that voiced obstruents would be somewhat devoiced in the coda position in German accented English such as Pennsylvania Dutchified English (PDE). They found that vowels were more nasalized before ambisyllabic nasals than non-ambisyllabic nasals and that devoicing occurred more in ambisyllabic voiced obstruents rather than non-ambisyllabic consonants. They contended that these served as evidence that ambisyllabic consonants are coda.
Some questions, however, arise in Durvasula and Huang's study. They stated that vowel nasalization was measured through capturing the sudden appearance of strong formant structure and a substantial increase in intensity in the waveform. These configurations were not, however, presented as clearly as stated in the figures. Moreover, using special equipment designed for measuring nasality would have provided rather direct evidence. In addition, the German accented sound stimuli (Pennsylvania District English, PDE) that they used for measuring devoicing were a mere dialect of American English; therefore, their findings cannot be generalized as a common pattern of obstruent devoicing for American English.
Rosalsky (2017) investigated a temporal aspect of ambisyllabic consonants, comparing the duration of ambisyllabic consonants with that of non-ambisyllabic but intervocalic consonants. In her experiment, participants were asked to read nonce words which are composed of a CVC root followed by either a VC or CVC suffix. Results showed that intervocalic consonants, whether ambisyllabic or not, were not significantly different from each other in their duration. They were all shorter than the onset consonants of following syllables when the preceding syllable has a coda. What seemed to matter in the results is that the coda of the preceeding syllable caused the following onset consonant to last longer. Her results seem to be consistent with the phonological analysis about ambisyllabicity that an ambisyllabic consonant is associated with a single mora even though it is multiply-linked to both onset and coda.
Though quite a number of studies attempted to find empirical evidence for ambisyllabicity, their conclusions were not consistent enough, probably due to different methodologies and/or measurements. Ambisyllabic consonants were not psychologically processed as the ones belonging to both coda and onset (Fallows 1981 ) as opposed to Treiman and Danis (1988) . Phonetic, more specifically acoustic, approaches demonstrated contradictive assertions that ambisyllabic 
Hypotheses
As demonstrated in numerous phonological studies, ambisyllabic consonants are associated with both coda and onset, but temporally they are linked to merely one mora. Intervocalic but non-ambisyllabic consonants are all associated with the onset of the following syllable because the vowels of the preceding syllable are all [+tense] and suffice the heaviness of a stressed syllable without a coda consonant. The non-ambisyllabic consonants which are the onset of the following syllable are also associated with one mora, temporally identical to the ambisyllabic consonants. If the phonological structure of ambisyllabic consonants presented in Figure 1 (b) still holds true in actual speech and/or phonetics, their duration is predicted to be statistically similar to that of non-ambisyllabic consonants or syllable-initial or final single consonants.
On the other hand, as shown in psychological studies of Fallows (1981) and Teriman and Danis (1988) , the intervocalic ambisyllabic consonants were uttered twice, once as an onset and once as a coda. For example, many of ambisyllabic consonants were repeated like sum-summer and summer-mer (Fallows) and reversed like mer-sum. yet more cases occurred when they were double letters or sonorants. This might be interpreted as stating that the ambisyllabic consonants would be longer than one mora and split into two different moras not only psychologically but also phonetically. If this also hold true in actual speech and/or phonetics, ambisyllabic consonants are predicted to be longer than non-ambisyllabic consonants or syllable-initial or final single consonants. The currents study will, therefore, present phonetic evidence about which approach, phonological or psychological, is appropriate. 
Experiment

Participants
Twelve native English speakers from America or Canada participated in this speech production experiment. All of them were college students except two graduate students. Seven of them were female, and the other five were male.
Their background information is presented in 
Stimuli
There were two types of stimuli used in this experiment: one type was disyllabic real words where the intervocalic consonants are ambisyllabic (V1[lax]+C+V2) and the other type was those with intervocalic but non-ambisyllabic consonants (V1[tense]+C+V2). The intervocalic consonants were varied with obstruents, liquids and nasals. The obstruents included fricatives /f/ and /v/, stops /p, t, k, b, d, g/, and affricates /ʧ, ʤ/, the liquids were /l/ and /r/, and the nasals were /m/ and /n/. Thirteen words were prepared for each segment in both ambisyllabic and nonambisyllabic conditions and 364 words in total were used as stimuli (14 segments * 13 words * 2 conditions = 364 words).
In addition, 13 monosyllabic words beginning with a clear- [l] and ending with a dark-[ɫ] were respectively included fin order to compare them with intervocalic ambisyllabic and nonambisyllabic consonants. There were, in total, 390 tokens (364 disyllabic tokens + 26 monosyllabic words having liquids) in the stimuli. There were also 108 distracter words included, but they were not analyzed. As a result, sound stimuli obtained from recordings were 4698 (390 * 12 subjects), but the tokens actually measured were 4632 because the acoustic displays were blurry in some tokens and they were not able to be measured.
Some of the recording stimuli are presented in Table 2 . 
Procedure
Recordings were carried out on a recorder (TASCAM HD-P2) with a microphone (Shure 10) in a sound-attenuated booth. Participants agreed to being an experiment subject and signed it before starting to record. They were instructed to read carrier sentences that contain a target word "Please, say __________ for me." on paper. As mentioned above, there were 108 distracters, and the target words and the distracters were randomized with using the randomizing order function in Excel. There were forty sentences listed in one page, with every ten sentences marked by more space, simply to prevent the participants from being lost. They were asked to read them at their normal speech rate. It took about ten to fifteen minutes for them to complete reading all the stimuli.
Two different measurements were executed in spectrograms with a reference to waveforms: for a temporal analysis, the duration of all the intervocalic consonants was measured, and for a spectral analysis, F1 and F2 values of the lateral /l/s were measured. More specifically, the length of both ambisyllabic and non-ambisyllabic consonants was measured to see if there would be any 
Results
Temporal aspect
The Welch Two Sample t-test was conducted to see if the durations between ambisyllabic and non-ambisyllabic intervocalic consonants of all target segments would be similar or different. Results showed that the two groups have no significant difference in duration with the mean values of 33.134ms for ambisyllabic consonants and 33.888ms for non-ambisyllabic consonants (t=-0.899, df=2135.3, p=0.369) as represented in Figure 3 . 
Discussion
Ambisyllabicity has been long discussed in Phonology, but only a few studies have investigated its phonetic substantiality. Psychological experiments could not answer the question about how differently and/or similarly ambisyllabic and non-ambisyllabic consonants are phonetically manifested. They merely interpreted the results from cognitive perspectives. The findings presented in recent phonetic studies were also inconsistent. Durvasula and Huang (2017) suggested that ambisyllabic consonants were more likely coda based on the results of vowel nasalization and devoicing. However, Rosalsky (2017) concluded that ambisyllabic consonants patterned with onset. The current study has evaluated the temporal and spectral properties of ambisyllabic consonants in comparison with non-ambisyllabic intervocalic consonants as well as word-initial onsets and word-final codas.
The temporal properties of ambisyllabic consonants were very similar to those of non-ambisyllabic consonants in all three categories of obstruents, liquids and nasals. This is consistent with the phonological analysis that an ambisyllabic consonant is associated to a single mora in its syllable structure though it branches to both the onset of the preceding syllable and the coda of the following syllable.
Looking A question may be brought up now; why are non-ambisyllabic intervocalic laterals not realized as onset of the following syllable acoustically? Onset priority is a universal pattern found in many languages; thus, it should be merely similar to a monosyllabic onset lateral for F2-F1 values. It could be stipulated that it is presumably an onset of the following syllable but that the preceding stressed vowel, hyperarticulated enough, will make more bondage with the following intervocalic lateral. Such solidarity between a stressed vowel and the following consonant occurs whether the vowel is tense or lax because ambisyllabic laterals in which the preceding vowel is stressed but lax also showed no difference from non-ambisyllabic laterals. What seems to contribute to making both of them dual properties is stress rather than their ambisyllabicity. Intervocalic laterals may be, whether it is phonologically ambisyllabic or not, articulated with both the front and the back of the tongue involved, though their target gestures may go through undershoot to some degree. What might happen to intervocalic laterals in bisyllabic words where stress goes to the following syllable, for instance, /əlajk/ 'alike'? If it is true that stress plays a role in determining the properties of intervocalic laterals, the /l/ sound in /əlajk/ is predicted to be statistically not different from clear- [l] . That is, it will be acknowledged as onset of the following syllable due to the onset priority, and the onset status might be strengthened by the bondage induced from the hyperarticulation of the stressed vowel /aj/ in the following syllable. Definitely a phonetic examination should be done for intervocalic laterals in the words with stress on the following syllable.
Conclusion
Phonologically ambisyllabic consonants have been investigated temporally and spectrally and compared with non-ambisyllabic intervocalic consonants. Both are not significantly different: durations of both consonants are similar and F2-F1 values of laterals are also similar. Therefore, ambisyllabicity is not peculiar to a special intervocalic consonant which is preceded by a stressed lax vowel. Any intervocalic consonants have dual properties of onset and coda when the preceding syllable is stressed whether it has a tense or lax vowel.
